We compute the one loop new physics effects to the CP even triple neutral gauge boson vertices γ ⋆ γZ, γ ⋆ Z Z, Z ⋆ Z γ and Z ⋆ Z Z in the context of Little Higgs models.
Introduction
The measurement of couplings among the electroweak gauge bosons can lead to understanding the non-abelian gauge structure of the Standard Model (SM) and confront the presence of the new physics above the weak scale. The forthcoming experiments at the LHC and proposed ILC offer the exciting prospect of probing physics beyond SM. The neutral gaugeboson couplings Zγγ, ZZγ and ZZZ which can be studied in Zγ and ZZ pair production in e + e − and in hadron colliders through e + e − → Zγ, ZZ and→ Zγ, ZZ respectively have been analyzed within the SM and MSSM [1, 2] . In this paper we study the CP conserving trilinear neutral gauge-boson couplings in little Higgs models and MSSM.
Neutral gauge-boson couplings
Bose-Einstein statistics render the three neutral gauge-boson couplings γγZ, γZZ and ZZZ to vanish when all the three vector bosons are on shell. The most general CP conserving coupling of one off-shell boson V ≡ Z/ γ to a pair of on-shell Zγ and ZZ gauge bosons (all incoming) can be written as (see Ref. [2] )
where Γ can be expressed in terms of scalar Passarino-Veltman (PV) functions.
SM and MSSM Contribution
The contribution to the trilinear neutral gauge couplings in the SM arise from the three families of quarks and leptons. The anomaly cancellation ensures that all the couplings go to zero for Q 2 much larger than the fermion pair production threshold. It is obvious that of all the thresholds (at Q 2 = 4 M 2 f ), the largest contribution comes from the heaviest fermion loop.
The MSSM contribution to the trilinear neutral gauge couplings has been calculated in the references [1, 2] . We re-calculate the MSSM contribution in the light of the reference point SPS1a' which is defined at a characteristic scale of 1 TeV with its origin in minimal super-gravity (mSUGRA) [9] . The root GUT scale mSUGRA parameters in this reference 
2.2
Contribution in Little Higgs Models Recently there has been a proposal to consider Higgs fields as pseudo Nambu-Goldstone bosons of a global symmetry [3, 4] which is spontaneously broken at some high scale. The realization of little Higgs mechanism discussed in the literature essentially fall into two classes namely the product gorup and simple group depending on the gauge symmetry. The Littlest Higgs model (LH) is a minimal model of the product group class which accomplishes this task to one loop order within a minimal matter content. SU(3) simple group model is a representative model of the second class.
In the Littlest Higgs model [SU (2) × U (1)]
2 gauge symmetry is embedded in an SU (5) global symmetry. The gauge symmetry is broken down to the SM SU ( Constraints from electro-weak precision measurements require the breaking scale f to be greater than 5 TeV in the Littlest HIggs Model and f > 3.9 TeV for t β = 3 in the anomaly free SU (3)-simple group [5] . Both these models suffer from severe constraints [6, 7, 5] from precision electro-weak measurements. Motivated by these considerations, an implementation of a discrete symmetry called T-parity is proposed. T-parity explicitly forbids any tree-level contribution from the heavy mass states to observables involving only the SM particles. It also forbids the interactions that impart vev to triplet Higgs, thereby generating the corrections to precision electro-weak observables only at the one loop level.
In this little Higgs model with T-parity (LHT) [8] there are heavy T-odd partners of the SM gauge bosons and SM fermions called mirror fermions that couple vectorially to Z. In the top quark sector, the model incorporates two heavy T-even and T-odd top quarks in addition to the T even SM top quark, which are required for canceling the quadratically divergent contribution of the SM top quark to the Higgs mass. Further, because of T -parity
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conservation there is no coupling of Z µ with a T-odd and and a T -even fermion i.e. the coupling Zf + f − = 0. The T -even partner of the top quark T + however, has both axial and vector couplings with Z µ and hence contributes to the triangle loop. In addition to the contribution from SM fermions in the loop, we now get additional contributions from heavy T -even partner and the top quark as well as contributions from the triangle loops with mixed contributions from t and T + quarks. Table 1 : Ratio, r = λ1/λ2 in the LHT Model. f = 500 GeV and mt = 175 GeV.
Results and Conclusions
We calculate the one-loop contribution to the CP-conserving trilinear neutral gauge boson couplings in SM, MSSM and the two classes of Little Higgs Models for various parameters of the models. Certain features are common to all these graphs which we note here. All couplings vanish asymptotically for large Q 2 compared to the highest fermion mass in the theory. The relative importance of the real and imaginary parts of the couplings is strongly energy dependent. Below the 2m t threshold, the imaginary parts of all the couplings are negligible. At and above this threshold the imaginary parts become comparable or even dominant in comparison to the real parts. The Q 2 variation of the real and imaginary parts of the couplings in all the four models is shown in Fig. 2 . Values at some typical Q 2 are also given in the Tables 1 and 2 At higher Q 2 , the effect of new heavy fermions shows up but the threshold values are an order of magnitude lower than that at the 2m t threshold. However, at these Q 2 , the SM contribution is negligible.
For higher ratios, a very interesting behaviour is shown by the couplings H Z 3 and F Z 5 . Not only the imaginary part becomes appreciable at high Q 2 but also the threshold values of the couplings at Q 2 = m t + m T+ are higher than those at Q 2 = 2m t and are comparable to the SM value (See Figure 1 and Table 1 ).
Our analysis presented above allows us to confront and discriminate among various models considered here on the basis of these couplings. 
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